Four experiments were conducted with 730 weanling pigs to determine the effects of soy protein concentrate (SPC) in diets for weanling pigs. Experimental diets were fed from d 0 to 14 postweaning and a common diet was fed from d 15 to 28 for Exp. 1, 2, and 3; experimental diets were fed from d 0 to 7 postweaning in Exp. 4. In Exp. 1, the 4 experimental diets included 1) a 0% soybean meal (SBM) diet containing animal protein sources; 2) a 40% SBM diet; or a 28.55% SPC (replacing the 40% SBM on a total Lys basis) diet from 3) source 1, or 4) source 2. Pigs fed diets containing either animal protein or 40% SBM had greater ADG and ADFI (P < 0.05) than pigs fed either SPC source. In Exp. 2, the 5 experimental treatments included diets 2, 3, and 4 from Exp. 1, along with 14.28% SPC from each SPC source used in Exp. 1 (replacing half of the total Lys from the 40% SBM diet). From d 0 to 14 and d 0 to 28, the SPC source × level interaction was significant for ADG (P < 0.01) and was a tendency for ADFI (P < 0.07). Replacing SBM with SPC from source 1 did not affect pig performance. However, replacing SBM with SPC from source 2 resulted in an improvement (quadratic, P < 0.05) in ADG for pigs fed
INTRODUCTION
Commercial diets for early-weaned pigs currently contain relatively little soybean meal (SBM). Newby et al. (1984) have suggested that the quantity of SBM in diets is limited by a transient hypersensitivity response of young pigs to large amounts of SBM. Li et al. (1990) further described the hypersensitivity response, reporting that villus height decreased and crypt depth increased because of a cell-mediated immune response 3013 the diet containing 14.3% SPC, but resulted in no benefit from replacing all the SBM with SPC. Replacing SBM with SPC from either source improved G:F (quadratic, P < 0.01), with the greatest G:F observed for pigs fed the diets with 14.3% SPC. Experiment 3 evaluated increasing levels of source 2 SPC, with treatments consisting of 1) 0% (40% SBM); 2) 7.14%; 3) 14.28%; 4) 21.42%; and 5) 28.55% SPC. There was a tendency for increased ADG (quadratic, P < 0.06) and increased ADFI (quadratic, P < 0.04) as inclusion of SPC in the diet increased. The gain-to-feed ratio improved (linear, P < 0.01) as the SPC level in the diet increased. Inclusion of approximately 14 to 21% SPC from source 2 maximized pig performance. In Exp. 4, pigs were offered a choice of consuming the diets containing 40% SBM or 28.6% SPC from source 2. Daily feed intake was greater (P < 0.0001) for the SBM diet (186 g/d) than for the SPC diet (5 g/d). Our results suggest that replacing a portion, but not all, of the high-SBM diet with SPC from source 2, but not from source 1, improves pig performance. The poor intake of pigs fed high levels of SPC may indicate a palatability problem, thus limiting its inclusion in nursery pig diets. in the intestine. If increased amounts of SBM could replace more expensive protein sources without affecting pig performance, this would be a large economic advantage for producers. A greater inclusion of soy proteins may be possible without negatively affecting pig performance resulting from different processing methods of SBM (Li et al., 1991a; Friesen et al., 1993b) . Therefore, further processed soy proteins, such as soy protein concentrate (SPC) and extruded SPC, may be alternatives to animal-based protein sources. Soy protein concentrates are produced from defatted soy flakes from which soluble carbohydrates, primarily sucrose, raffinose, and stachyose, have been removed. The objective of the experiments was to determine the effects of diets containing different SPC sources compared with effects of a complex diet containing animal proteins, or a diet containing 40% SBM.
MATERIALS AND METHODS

General
The Kansas State University Institutional Animal Care and Use Committee approved all experimental protocols used in this study.
Pigs (Exp. 1, 2, and 3; Line 327 sire × C42 dams; PIC, Franklin, KY; Exp. 4, C42 gilts; PIC) were housed in environmentally controlled nurseries. Each pen (Exp. 1, 2, and 3 = 1.9 m 2 ) had slatted metal flooring and contained a stainless-steel self-feeder and 1 nipple waterer to allow ad libitum consumption of feed and water. In Exp. 4, each pen (3.0 m 2 ) had slatted metal flooring and contained 2 stainless-steel self-feeders and 2 nipple waterers to allow ad libitum consumption of feed and water.
In Exp. 1, 2, and 3, pigs were fed the experimental diets from d 0 to 14 postweaning and a common diet from d 15 to 28 postweaning. In Exp. 4, pigs were fed experimental diets from d 0 to 7 postweaning. In all experiments, pigs were weighed and allotted to their respective pens at weaning. For each experiment, diets were formulated to meet or exceed the nutrient requirements for pigs suggested by the NRC (1998). Because it was not an objective to determine AA availability among protein sources, Lys-deficient diets were not fed. All ingredient nutrient compositions used to formulate experimental diets were according to the NRC (1998) recommendations, except for the ME value of both SPC sources, for which 4,131 kcal/kg was used. Because of the anticipated similarity in nutrient profile of SPC sources and SBM with published values of the NRC (1998), they were used in formulation of diets. Analyzed values for AA (AOAC, 1995; method 985.30) , CP (AOAC, 1995; method 990.03) , and protein solubility index (Araba and Dale, 1990) were determined at the conclusion of the experiments for the SBM and both SPC sources (Table 1) . Soy protein concentrate source 1 (Soycomil P, ADM, Des Moines, IA) was ethanol-extracted and heat-treated via a torus disc, with steam used as the heating medium. Soy protein concentrate source 2 (Profine E, Solae/Central Soya, Decatur, IL) was ethanolextracted and moist-extruded. Pigs were weighed and feed disappearance was measured every 7 d during the experiments to determine ADG, ADFI, and G:F.
Exp. 1
A total of 216 barrows and gilts (initially 6.7 ± 2.2 kg of BW and 18 ± 2 d of age at weaning) were used to evaluate the effect of 2 SPC sources as replacements for either animal proteins or SBM in the diets for nursery pigs. All pigs were blocked by initial BW and allotted randomly to 1 of 4 dietary treatments. There were 6 pigs per pen, with 9 replications per treatment.
Pigs were fed experimental diets from d 0 to 14 postweaning (6.7 to 17.9 kg), which included 1) a positive control (animal protein-based) diet; a negative control diet containing 2) 40% SBM; 3) 28.6% SPC (source 1); or 4) 28.6% SPC (source 2). The diets containing SPC replaced all of the SBM in the negative control diet on an equal total Lys basis ( Table 2 ). All pigs were fed a common diet from d 15 to 28 postweaning (Table 3) .
Exp. 2
A total of 210 barrows and gilts (initially 6.4 ± 2.6 kg of BW and 18 ± 2 d of age at weaning) were used to determine the effects of replacing half or all of the SBM with 2 SPC sources in the diets for nursery pigs. Pigs were blocked by initial BW and allotted randomly to 1 of 5 dietary treatments. The dietary treatments were arranged in a 2 × 2 factorial with a negative control that did not contain SPC. The main effects in the factorial were SPC source and level. There were 6 pigs per pen, with 7 replications per treatment.
Pigs were fed the experimental diets from d 0 to 14 postweaning (6.4 to 17.9 kg), which included a negative control diet containing 1) 40% SBM; 2) 14.3% SPC (source 1); 3) 28.6% SPC (source 1); 4) 14.3% SPC (source 2); or 5) 28.6% SPC (source 2). The diets containing 14.3% SPC replaced half of the SBM, whereas the diets containing 28.6% SPC replaced all of the SBM on an equal total Lys basis (Table 4 ). All pigs were fed a common diet from d 15 to 28 postweaning (Table 3) .
Exp. 3
A total of 240 barrows and gilts (initially 5.9 ± 2.0 kg of BW and 18 ± 2 d of age at weaning) were used to determine the effects of increasing amounts of SPC in the diets for nursery pigs. Pigs were blocked by initial An energy value of 4,131 ME kcal/kg was used for both SPC sources. Source 1 SPC = Soycomil P (ADM, Des Moines, IA); source 2 SPC = Profine E (Solae/Central Soya, Decatur, IL). BW and allotted randomly to 1 of 5 dietary treatments to determine the optimal dietary inclusion level for SPC. There were 6 pigs per pen, with 8 replications per treatment.
Pigs were fed experimental diets from d 0 to 14 postweaning (5.9 to 19.0 kg), which included a control diet containing 40% SBM, or diets containing 7.14, 14.28, 21.42, or 28.55% SPC (source 2), respectively (Table  5 ). All pigs were fed a common diet from d 15 to 28 (Table 3) .
Exp. 4
Sixty gilts (initially 6.1 ± 1.7 kg of BW and 18 ± 2 d of age at weaning) were used to determine nursery pig preference for consumption of diets containing either SBM or SPC. Pigs were blocked by initial BW and allotted randomly to a pen containing 2 feeders, to give a total of 10 pens (replications) with 6 pigs per pen.
Pigs were offered a choice of eating the diet containing 40% SBM or the diet containing 28.6% SPC from source 2 (Table 4 ) from d 0 to 7 postweaning (6.1 to 7.2 kg). The placement of feeders in each pen was alternated twice daily to enable a more accurate portrayal of preference by the pigs for these diets. Feeders were weighed on d 7 to calculate the response criterion of ADFI.
Statistical Analysis
Data from Exp. 1, 2, and 3 were analyzed as a randomized complete block design, with pen as the experi- mental unit. Experiment 4 was analyzed as a randomized complete block design, with feeder considered the experimental unit and pen of pigs considered the block. Pigs were blocked based on weaning weight, and AN-OVA was performed by using the MIXED procedure (SAS Inst. Inc., Cary, NC). All means are reported are least squares means. In Exp. 1, means were compared by using least significant difference tests (P < 0.05) when the overall effect of treatment was significant (P < 0.05). In Exp. 2 and 3, preplanned contrasts were used to evaluate dietary treatment effects. Because of the related nature of the treatment doses, the comparisons in Exp. 2 and 3 were not protected with significant, dietary treatment F-tests (P < 0.05). The data in Exp. 2 were first examined by using a set of contrasts to evaluate the interaction and main effects of source and level. For those response criteria that had a significant or tended to have a significant interaction (P < 0.10), linear and quadratic contrasts were performed within each source by using the negative control as the 0% level of SPC. For those response criteria lacking evidence of an interaction, the data were pooled among SPC sources and level was evaluated by using linear and quadratic contrasts, with the negative control as the 0% level of SPC. Linear and quadratic polynomial contrasts were performed to determine the effects of increasing amounts of SPC level in Exp. 2 and 3. Because of the related nature of the treatment doses, the comparisons in Exp. 2 and 3 were not protected with significant dietary treatment F-tests (P < 0.05).
RESULTS
Exp. 1
Protein solubility values of 80.06, 58.86, and 74.28% were obtained for SBM, SPC source 1, and SPC source 2, respectively (Table 1) . During d 0 to 14 after weaning, pigs fed the animal protein diet and the diet containing 40% SBM had similar ADG, and both diets resulted in greater ADG (P < 0.05) than those from diets containing either SPC source (Table 6 ). The improved performance in pigs fed the control diet and the diet containing 40% SBM was a result of greater ADFI than in pigs fed either SPC source. Pigs fed SPC source 2 had improved (P < 0.05) G:F over pigs fed SPC source 1 or the control diet. From d 15 to 28, when all pigs were fed a common diet, pigs previously fed 40% SBM had greater (P < 0.05) ADFI than pigs previously fed source 2 SPC.
Overall (d 0 to 28), pigs fed the diet containing 40% SBM or the control diet from d 0 to 14 had greater (P < 0.05) ADG and ADFI than did pigs fed either SPC source. There were no differences in G:F among pigs fed the dietary treatments.
Exp. 2
From d 0 to 14 after weaning, there was a SPC source × level interaction for ADG (P < 0.01) and ADFI (P < 0.02; Table 7 ). Replacing SBM with SPC from source 1 did not affect pig performance (Table 7) . Replacing SBM with SPC from source 2 resulted in an improvement (quadratic, P < 0.05) in ADG for pigs fed the diet containing 14.3% SPC, but there was no benefit from replacing all the SBM with SPC. Replacing SBM with SPC from either source improved G:F (quadratic, P < 0.01), with the best G:F observed for pigs fed the diets with 14.3% SPC from either source. From d 15 to 28, pigs previously fed SCP from source 1 had greater G:F (P < 0.03) then pigs previously fed SPC from source 2. Means in the same row with different superscripts differ (P < 0.05).
1
A total of 216 pigs (initially 6.7 ± 2.2 kg and 18 ± 2 d of age at weaning) with 6 pigs per pen and 9 pens per treatment, with experimental diets fed for 14 d. From d 0 to 28, there was a SPC source × level interaction for ADG (P < 0.01) and a trend of the interaction for ADFI (P < 0.07). Pigs fed 14.3% SPC from source 2 had the greatest ADG, with no difference in ADG at any level of SPC from source 1. Average daily gain (quadratic, P < 0.01) and ADFI (quadratic, P < 0.05) increased as the percentage of SPC from source 2 increased to 14.3%, but decreased when SPC inclusion increased to 28.6%. Pigs fed SPC from source 2 had improved G:F compared with pigs fed SPC from source 1 (P < 0.02). There was an improvement (quadratic, P < 0.01) in G:F as the percentage of SPC in the diet A total of 210 pigs (initially 6.4 ± 2.6 kg of BW and 18 ± 2 d of age at weaning), with 6 pigs per pen and 7 pens per treatment with experimental diets fed for 14 d. Quadratic effect of SPC source 2, P < 0.05. 4 Linear effect of SPC source 2, P < 0.05.
5
Quadratic effect of SPC level (P < 0.01).
6
All pigs were fed a common diet from d 15 to 28. increased to 14.3%, and G:F decreased as the percentage increased to 28.6%.
Exp. 3
During d 0 to 14 after weaning, there was a tendency for increased ADG (quadratic, P < 0.06) and increased ADFI (quadratic, P < 0.04) as inclusion of SPC source 2 in the diet increased to 21.4% (Table 8) . Pigs fed increasing levels of SPC source 2 had improved (linear, P < 0.01) G:F. From d 15 to 28, when all pigs were fed a common diet, growth performance was not affected by protein source or percentage of SPC from source 2 fed from d 0 to 14. Overall (d 0 to 28), no differences were observed for ADG or ADFI. However, G:F improved (linear, P < 0.01) as the percentage of SPC in the diet increased to 28.6%.
Exp. 4
Preference by the pigs for the diet containing 40% SBM over the diet containing 28.6% SPC from source 2 quickly became clear during the 7-d trial. Average daily feed disappearance was 186 and 5 g for the 40% SBM and 28.6% SPC from source 2 diets, respectively (P < 0.0001; SE = 0.02).
DISCUSSION
Soybean meal, spray-dried animal plasma, fish meal, and spray-dried blood meal are among the protein sources commonly used in combination in starter diets to meet the AA requirements and to stimulate feed intake in nursery pigs. The amount of SBM in starter diets is currently limited because of adverse reactions of young pigs to large amounts in the diet. A decrease in ADG and G:F caused by a decrease in villus height and increased crypt depth was reported by Li et al. (1991a,b) from d 0 to 14 postweaning, owing to the delayed transient hypersensitivity response when SBM was fed. A study by Sohn et al. (1994b) suggested that the low digestibility of Lys, the firstlimiting AA, may be a reason for the poorer performance of pigs fed a diet containing SBM. Friesen et al. (1993b) and Sohn et al. (1994a) showed that protein sources from further processing of soybeans improved the growth performance of early-weaned pigs. Hence, extensive effort has been invested in research on the use of SPC in an attempt to reduce the amount of SBM in the starter pig diet, and thus minimize adverse effects on pig performance. Sohn et al. (1994a) reported a greater ADG and G:F for pigs fed SPC compared with pigs fed SBM from d 0 to 14 postweaning. This finding is in agreement with studies by Dietz et al. (1988) and Geurin et al. (1988) that recognized SPC as a potential source of protein for use in starter pig diets. The value of SPC relative to SBM was evaluated by Jones et al. (1990) . A SBM diet was compared with a diet that had high nutrient density, and the high-nutrient-dense diet was compared with 50 and 100% replacement of dried skim milk with SPC. As inclusion of SPC increased, ADG (P < 0.11) and ADFI (P < 0.09) had a tendency to increase compared with pigs fed the SBM diet. A similar ADG was observed in pigs fed the diet with high nutrient density and in pigs fed SPC. In Exp. 1, pigs fed both sources of SPC had surprisingly poorer performance than did pigs fed the highly digestible animal protein diet or the diet containing 40% SBM. This finding was not expected, because previous research reported improved growth when pigs were fed SPC compared with SBM alone (Li et al., 1991a,b; Sohn et al., 1994a) . In Exp. 1, greater ADFI was seen for pigs fed the animal protein-based diet and the diet containing 40% SBM compared with both SPC sources, whereas pigs fed SPC source 2 had greater G:F than those pigs fed the animal protein diet.
The nutrient-dense animal protein diet used in Exp. 1 contained spray-dried animal plasma, blood meal, and fish meal. Spray-dried porcine plasma and blood meal have been shown to be effective protein sources for the early-weaned pig (Hansen et al., 1993; Kats et al., 1994) , whereas select menhaden fish meal was shown by Stoner et al. (1990) to be a suitable protein source for the weaned pig. In Exp. 1, however, there was no improvement in performance in those pigs fed an animal protein diet compared with pigs fed a diet containing 40% SBM. Friesen et al. (1993a) concluded that SBM at percentages up to 22.5% could be included in the diet of the weanling pig from d 0 to 14 postweaning while avoiding a decrease in ADG and G:F. Their experiment also suggested that the phase I starter diet must contain some amount of SBM to achieve optimal feed efficiency in phase II, because the pig needs to become acclimated to soy protein. In both Exp. 1 and 2, however, inclusion of 40% SBM in the diet did not have adverse effects on the performance of the weanling pig.
The method of processing can affect the nutritive value of SPC. Turlington et al. (1990) reported that pigs fed moist-extruded SPC had better performance than did pigs fed SBM. This finding is supported by Li et al. (1991a) , who reported that pigs fed moistextruded SPC had greater performance than did pigs fed SBM. Moist extrusion also has been suggested as a means of improving the nutritional value of SBM for use in starter pig diets (Li et al., 1991a,b; Friesen et al., 1993b) . When Friesen et al. (1993b) compared dry and moist extrusion as a means of improving SBM quality, they reported that moist extrusion resulted in a superior product for inclusion in starter pig diets because of an increase in ADG and G:F. Moist extrusion, compared with dry extrusion, may result in an enhanced product because there is greater control in preventing overheating, which can result in lower product digestibility.
Soy protein concentrate source 1 was processed via a torus disc, which is an enclosed system with steam as the heating medium. The product moves through a tubular shaft with hollow concentric rings filled with steam. Agitator blades pick up the product and convey it through the system. The purpose of this system is to drive off any alcohol remaining as moisture, and to reduce or eliminate antinutritional factors. This drying procedure will generate some degree of heat, and the procedure possibly generates mechanical forces similar to those in extrusion processing. Soy protein concentrate source 2 is ethanol-extracted and moistextruded. Processing method may account for the improvement in performance observed for pigs fed SPC source 2 relative to pigs fed SPC source 1 in Exp. 2. Trypsin inhibitor values are an indication of the adequacy of soybean processing. Trypsin inhibitor values of 4.0, 4.2, and 2.0 mg/g were reported by Hamerstrand et al. (1981) for SBM, SPC, and extruded SPC, respectively. No detectable level of trypsin inhibitor was detected in SPC sources used in the present studies, indicating that heat treatments were sufficient and adequate to reduce antinutritional factors to an acceptable level. In addition, no urease activity was detected in our samples. Urease levels are of interest because they are used as indicators of the presence of trypsin inhibitors (Araba and Dale, 1990) . As a further indication of proper processing, protein solubility tests were conducted on the SBM and on SPC sources 1 and 2 used in Exp. 1. Protein solubility values of 80.06, 58.86, and 74.28% were obtained for SBM, SPC source 1, and SPC source 2, respectively. Protein solubility values below 70% are suggestive of overheating (Araba and Dale, 1990) , thereby indicating that the decreased performance of pigs fed SPC source 1 may be due in part to overheating.
Palatability of the SPC diet was investigated in Exp. 4. A clear preference was shown by pigs for the diet containing 40% SBM compared with the diet containing 28.6% SPC source 2, which suggests that there may be a palatability issue when high amounts of SPC are included in the diet.
In summary, the results of our experiments suggest that the inclusion of SPC from source 2 leads to better performance in weanling pigs then does SPC from source 1. When given a choice between a diet containing 40% SBM or a diet containing 28.6% SPC from source 2, pigs prefer to eat the diet containing 40% SBM. It seems that SBM cannot be fully replaced by SPC while avoiding adverse effects on pig growth performance. Our results suggest that approximately 14 to 21% SPC from source 2 can be included in the diet for weanling pigs to optimize growth performance.
